HEMOGLOBIN (Hb) has a crucial role in carrying oxygen to tissues. Evidence supports that red blood cells (RBCs) play an active role in hemostasis. 1 Anemia is common during and after cardiac surgery, and it is associated with increases in morbidity and mortality. [2] [3] [4] Transfusion of allogeneic RBC is typically the treatment of choice. Cardiac surgery has one of the highest associated transfusion rates with over 50% of patients receiving transfusions. 5 On the other hand, transfusion of RBC, or other blood components, is associated with numerous harmful effects, such as infection, acute kidney injury, ischemic events, prolonged hospital stay, increased early and late mortality, and hospital costs. 2, [6] [7] [8] A recent guideline from the AABB recommends restrictive transfusion strategy in most clinical settings, including cardiac surgery. 9 The results of trials studying critically ill patients (ie, Conflicts of Interest: Dr. Laine has received congress related travel reimbursement from MSD Finland Oy.
Dr. Schramko has received congress related travel reimbursement from TEM International GmBH. 1 [Transfusion Requirements in Septic Shock]) also support the idea of lower transfusion thresholds because there was no significant difference in 30-and 90-day mortality when comparing higher (Hb 90 g/L) versus lower (Hb 70 g/L) transfusion thresholds. 10, 11 However, particularly in cardiac surgery, [12] [13] [14] recent studies have conflicting results regarding restrictive transfusion strategies, and no clear consensus exists. Transfusion thresholds in cardiac surgery have generally been more liberal in clinical practice, partly due to justified concern of cardiac ischemia, bleeding, and other undesired sequelae.
It has been shown that lower hematocrit (Hct) influences coagulation in vivo. 15 Rotational thromboelastometry (ROTEM), a point-of-care whole blood coagulation test, gives more rapid and detailed information about patients' coagulation status, compared with conventional laboratory tests performed with cell free plasma. 16, 17 The use of ROTEMguided transfusion protocols also has been shown to reduce the need for transfusions in cardiac surgery. 18 The aim of this prospective randomized study was to compare the effect of 2 different RBC transfusion thresholds (80 g/L v 100 g/L) perioperatively on bleeding and coagulation parameters measured by ROTEM in cardiac surgical patients.
Methods
After registering the study at the Hospital District of Helsinki and Uusimaa ( §94,9.05.2014) and receiving approval from the institutional Ethics Committee for Surgery in Helsinki University Hospital 2014 (D-number 58/13/03/02/ 2014), the authors gathered 80 patients scheduled for nonemergency coronary artery bypass grafting (CABG), simple one valve (aortic or mitral) replacement or both, requiring cardiopulmonary bypass (CPB). Patients were operated on between June 2014 and December 2015. Exclusion criteria included any hereditary or acquired hemostatic disorders, any malignancies, and severe chronic kidney disease (glomerular filtration rate o30 mL/min). Patients' medical history and severity of the surgery was described with European System for Cardiac Operative Risk Evaluation, (numeric) EuroSCORE I. 19 After providing written informed consent, patients were randomized in 2 groups: (1) "Group 80," RBC transfusion threshold of 80 g/L, and (2) "Group 100," RBC transfusion threshold of 100 g/L. Randomization was done in blocks of 20 patients and using closed envelopes (Fig 5) . Use of other blood components and medications was left to clinicians' discretion and based on Helsinki University Hospital treatment protocols; that is, if postoperative bleeding is severe (4 200 mL/h), activated coagulation time (ACT, s), thromboplastin time value (TT, %), and platelet count (PLC) are measured. If ACT is prolonged more than 10 seconds compared with prebypass level, 25 mg of protamine is administered. Pooled human plasma (5 mL/kg) is given if TT is o50% and platelets (1 U/10 kg) transfused if PLC is o50 Â 10 9 /L. If bleeding continues, 1 g of tranexamic acid is administered. Intervention started at the beginning of surgery, and it lasted 24 hours. The study was unblinded due to the Finnish practice of anesthetists performing transfusions themselves.
Patients' own medication was continued until surgery according to hospital protocol. Patients did not receive any low molecular weight heparin for 24 hours before surgery. The possible acetylsalicylic acid treatment was continued until surgery, but the cessation of oral anticoagulation was performed according to the hospital protocol: Warfarin 3 days and new oral anticoagulants 5 days preoperatively. Patients received a 1-g bolus of tranexamic acid during anesthesia induction. CPB was performed according to institutional standards described elsewhere. 20 Before cannulation a bolus of heparin (300-400 IU/kg body weight) was administered. Another 1 to 2 g bolus of tranexamic acid also was administered in the CPB routinely. Intraoperatively ACT was measured repeatedly to monitor the efficiency of anticoagulation. In the case of ACT o480 s, a further bolus of heparin was administered. After finishing the CPB, heparin was antagonized with protamine sulfate administered at 1 mg to 100 IU ratio to initial dose of heparin.
Conventional laboratory tests were performed preoperatively and at predetermined time intervals. During surgery and postoperative intensive care, Hb concentrations were monitored hourly during surgery, every 30 minutes during CPB, and every 2 to 3 hours in the intensive care unit (ICU), or more frequently, if needed. If Hb level was 79 g/L or less, 99 g/L or less, respectively, the patient received 1 unit of packed RBC, and Hb was measured again. Transfusions were carried out until Hb level reached 80 g/L or more, 100 g/L or more, respectively. Cell salvage was used only in few isolated cases, as procedures were estimated to be simple and patients did not have predisposing risk factors for extensive bleeding.
ROTEM (TEM International GmbH, Munich, Germany) was performed at 3 predetermined time points: before anesthesia induction, immediately after CPB/surgery, and on the first postoperative morning. Tissue factor with (FibTEM) or without (ExTEM) cytochalasin D was used for coagulation activation. In FibTEM, platelet function is inhibited completely, therefore it is possible to measure the isolated effect of fibrinogen on blood coagulation. The following variables were recorded: clotting time (CT, s), clot formation time (CFT, s), maximum rise in clot firmness (given as the angle α), maximum clot firmness (MCF, mm), and clot lysis after 30 minutes. The clinical staff was blinded to the ROTEM data. Other data collected during the study period were the amount of bleeding during the surgery (estimate done by surgeons/ anesthetists) and postoperatively from the chest tubes, RBC and blood product transfusions, diuresis, and cumulative fluid balance. Patient data during the surgery and intensive care were collected with PI Client Information System (Caresuite 8.2, PiCIS Inc, San Francisco, CA).
Statistical Analysis
Based on results of the authors' previous study, 21 the group size was calculated with power (1-β) ¼ 80% and α ¼ 0.05 assuming that Group 100 would have 25% less bleeding than Group 80.
The differences were analyzed with the nonparametric repeated measures analysis of variance (Kruskal-Wallis test). Correlations were tested with the Spearman test. MannWhitney U test was used for paired comparisons. Because the data was mostly not normally distributed (KolmogorovSmirnov test), results are shown as medians (interquartile range, IQR). The results of normally distributed parameters are shown as mean values with 95% confidence intervals (CIs). Significance is developed at p values less than 0.05. Statistical analysis was performed with SPSS 22.0 for MAC (SPSS Inc, Chicago, IL).
Results
Eighty non-emergency cardiac surgery patients were included in the study; 40 patients were randomized in each group. All 80 patients were included in the analyses. Characteristics of the patients were fairly similar between the both groups, with the exception of the patients in Group 80 being older (70.5 v 64.5, p ¼ 0.023) and having a higher Euro-SCORE (6.13 v 4.30, p ¼ 0.007) ( Table 1 ).
In the Group 80, mean Hb (95% CI) concentration right after initiating CPB was 88. Although no statistically significant difference between the groups in mean Hb was observed before surgery, it developed into statistical significance during CPB (see Fig 1) . Difference between the groups remained statistically significant until the first postoperative day (POD). Seven days after surgery there was no difference in the Hb values between the groups (100 g/L v 104 g/L, p ¼ 0.722). In both groups, Hb values preoperatively were significantly higher than in the operating room (OR), ICU, or 7 days postoperatively (p o 0.001). Thirty-five percent of patients in Group 80 had at least 1 Hb measurement under 80 g/L during the entire CPB, 84% of patients in Group 100 had at least 1 Hb measurement under 100 g/L, respectively. After CPB, numbers were 6% and 16%, respectively (Table 4) .
Between study groups, there was no significant difference in intraoperative or postoperative bleeding. In Group 80, mean (95% CI) blood loss in the OR was 433 mL (356-510 mL) and in the ICU 680 mL (551-808 mL). In Group 100, the blood loss was 427 mL (95% CI 365-489 mL) in the OR and 618 mL (95% CI 532-703 mL) in the ICU. Patients in Group 100 were given significantly more RBC transfusions in the OR (2.0 U v 0.9 U, p ¼ 0.001), but not in the ICU (0.3 v 0.4 U, p ¼ 0.542). Amount of other transfused blood products (pooled human plasma or platelets) showed no significant differences between the groups, p 4 0.05. Finnish RBC unit equals approximately 250 mL, pooled human plasma unit 200 mL and platelet unit 200 mL.
Mean ROTEM parameters were within normal ranges in both groups during the entire study period. The MCF, CT, CFT, and α-angle in ExTEM and FibTEM showed no significant differences between the groups. No excessive lysis of the clot was observed in any of the cases (Figs 2-4) .
Preoperative conventional laboratory results showed no signs of hyper-or hypocoagulation, median values were in the reference range (Table 2 ). There were no significant differences in these analyses between the groups.
Preoperative PLC was positively correlated with preoperative ExTEM (p o 0.001) and FibTEM MCF (p ¼ 0.016). Preoperative Hct was negatively correlated with preoperative ExTEM (p o 0.001) and FibTEM MCF (p ¼ 0.004). Preoperative PLC was associated with the subsequent ROTEM analyses during the perioperative period as well; p values for correlations between preoperative PLC and post-CBP ExTEM were 0.003, FibTEM 0.002, and POD 1 ExTEM 0.001, FibTEM 0.048. There were no significant ROTEM changes in individual patients during the course of the study period. Four resternotomies due to bleeding were performed during the first 24 hours after surgery on 2 patients in each group. These patients had preoperatively significantly lower Hb Table 3 ).
Discussion
In this study, the authors showed that there was no significant difference in blood loss or blood coagulation related to open cardiac surgery when transfusion threshold was either Hb value of 80 g/L or 100 g/L. The Hct value did not correlate with any of the thromboelastometry or coagulation parameters. Therefore, it seems that higher Hct may not decrease the risk of bleeding or coagulation disturbance in patients undergoing open-heart surgery. This study outcome is consistent with previous reports and latest guidelines of transfusion thresholds in cardiac surgery patients. The effect of Hb value or RBC transfusion on bleeding or coagulation is unclear. The previous studies have shown variable results in cardiac or general surgery. 13, 14 The amount of blood loss in the current study was relatively small, and no significant disturbances in coagulation were observed. Although, Group 100 did receive twice the amount of RBCs compared with Group 80 during the first POD, and the mean Hb concentration in both groups remained higher than 100 g/L during the first POD, even with the transfusion thresholds defined as described. Furthermore, patients' preoperative Hb values were in or close to the normal laboratory reference range, and the relatively small amount of blood loss, as well as accurate perioperative fluid therapy, did not lower the Hb values to reach lower transfusion threshold in numerous cases. Standardized priming volume of 1,000 to 1,500 mL Ringer's Acetate (with 5,000 IU heparin) for the CPB also did not produce clinically significant hemodilution. Finally, the authors' study protocol in Group 100 may increase the treatment costs and predispose patients to transfusionrelated adverse effects without any clinical impact on bleeding or coagulation. One week after surgery, the Hb difference between the groups was lost. There was no significant difference between transfusions during this 7-day period postoperatively. Murphy et al reported nonsuperiority of lower Hb threshold, 13 but the authors were unable to show actual benefits of higher threshold as well. On the other hand, Reeves et al were able to draw the conclusion that cost-wise lower hemoglobin threshold would be superior without causing any additional morbidity.
14 These findings underline the need to further reevaluate the practices of liberal transfusions.
In this study, ROTEM analysis did not show any significant differences between study groups. Clot formation and clot strength were similar in both groups, which reflects well the fact that clinical tendency to bleed did not differ between the groups. This might be explained by higher than aimed Hb levels. It has been shown before that clot strength reduces when using hydroxyethyl starch (HES)-based colloids, 21, 22 and after abandoning HES solutions in surgical fluid management in the authors' institution, albumin (4% and 20% solutions) is the only choice of colloid. This in addition to the authors' patients' lack of underlying coagulation disturbances ensure proper clotting during perioperative period. Platelet count was associated with more firm clots (higher MCF) in the ROTEM analysis, as expected. FibTEM measures specifically the effect of fibrinogen, RBC, and factor XIII on the clot formation, and positive correlation of platelets with FibTEM MCF might be explained with complex effect of platelets and their mediators in coagulation even without platelet adhesion. It has been shown that platelet blocking with acetylsalicylic acid or clopidogrel does not block the formation of thrombin. 23 It was rather surprising to observe that lower Hct was associated with thicker clots preoperatively in the present study. Similar findings have actually been demonstrated with ROTEM CT-parameter already in vitro by Iselin et al 24 and Spiezia et al, 25 as well as in vivo with TEG MA-parameter by Roeloffzen et al. 1 In their experimental studies, the observation was speculated to be attributed to the test method itself. In fact, the test in these situations is more sensitive to the total amount of clotting factors rather than the concentration of cell surfaces or manufacturing process and storage of RBC. However, authors assumed that this finding may not have significant clinical relevance.
Patients enrolled in this study were scheduled for nonemergency surgery, but had higher EuroSCORE values than most of the usual elective cardiac surgery patients, in the authors' experience. Data collected previously in the authors' institution showed mean EuroSCORE in 428 non-emergency CABG patients to be 2.2 and in 220 other cardiac surgery patients to be 2.6. 26 Patients' mean age was rather high, especially in Group 80 as the difference was statistically significant. Older age is known to predispose to complications and delayed recovery. 27 Nevertheless, this group managed as well as did Group 100 regarding measured parameters and complications.
The creatinine concentration behaved as expected with modest rise after surgery and CPB. Urine output remained normal and fluid balance moderately positive throughout the first perioperative day. Lack of differences between groups in these parameters did not reflect the relative abundance of transfusions in Group 100. Despite that perioperative cardiac ischemia has been a major concern throughout the years and has perhaps led to extensive transfusions during cardiac surgery, this study implies that lower transfusion threshold (80 g/L) might not aggravate the incidence of cardiac ischemia.
One of the strengths of this prospective randomized study is the fair similarity of the preoperative laboratory values between the groups. Adherence to study protocol is evident when viewing the individual Hb measurements and percentage of patients in the Hb range at certain time points. Complete blinding regarding the transfusion was not possible due to the study setup, but as mentioned before, clinicians were blinded to the ROTEM measurements. There are also several limitations to this study: between the groups, there is some difference in age and EuroSCORE values, and cell salvage was not regularly used. Most importantly, the authors were unable to reach the lower transfusion threshold in the majority of patients as lowest mean Hb values in both groups remained closer to 90 g/L. Power was calculated with suggested reduction of 25% in bleeding based on the authors' previous study, but effective mean blood loss was only about half of the previous study.
Conclusion
This study showed no significant effect of transfusion thresholds of Hb 80 g/L and 100 g/L in terms of bleeding and ROTEM coagulation parameters. It also seems that there might not be any difference considering safety of the 2 different thresholds. Less transfusion means less risk of transfusion-related adverse events and cost savings. Further studies to clarify optimal Hb threshold in cardiac surgery are needed.
